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FIG. 2

Area- Compression Repulsive Force
Material: weight Thickness Density C"m"““‘ﬁﬂpth Copr oSt Gompressio
2.5mm 5.0mm 7.5mm

g/m2 mm g/cm3 N N N
PET Felt 625 19 0.032 8 19 37
PET Felt 931 21 0.044 10 30 57
PET Felt: 1220 20 0.062 16 53 97
PET Feltl 1518 21 0.072 13 52 115
PET Felt 2019 21 0.096 14 81 181
PET Felt 2511 20 0.126 22 153 513
PET Felt 2681 19 0144 30 280 777
RSPP 1063 i9 0.055 7 24 39
RSPP 1263 20 0.063 13 45 89
RSPP 1616 20 0.081 30 88 158
RSPP 2161 21 0.105 40 137 259
RSPP 2447 21 0.118 50 1563 304
RSPP 2676 21 0.127 49 187 363
PUF 820 20 0.041 18 22 30
PUF 802 20 0.040 21 29 38
PUF 823 19 0.043 17 21 27
PUF 1004 21 0.048 17 21 26
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FIG. 3

Structure

Air—Impermeable
Resonance Layer 3

Adhesive Layer 4

Sound Absorption
Layer 2
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FIG. 10

(a)
Dash Silencer 201

Sound Absorption Layer 202

??ignpg?gie!8.8t) Adhesive Layer 204
Air—lmpgageable Resonance

Vehicle
Interior

Vehicle Exterior

(Engine Room)

El 202¢ High-Density
Sound Absorption Layer 202a
Low-Density
Sound Absorption Layer 202b
(b)
Dash Silencer 301
First Sound
Dash Panel 10 Absorption Léyer302
(Iron Plate:0. 8%) Adhesive Layer 304

Air—Impermeable Resonance
Laver 303

Second Sound
Absorption Layer 306

Vehicle
Interior

Vehicle Exterior

(Engine Room)

Adhesive Layer 305
* No Adhesion
«Slight Adhesion
- Dot Adhesion

302¢ .. .
\ High-Density
Sound Absorption Layer 302a

Low-Density |
Sound Absorption Layer 302b



US 9,087,505 B2

Sheet 11 of 31

Jul. 21, 2015

U.S. Patent

(zH) Aouabai4 pueg 9Ae19Q €/|

I f | 1 1 I I 1 T

ZH 008 UeBYl Jomo| 3ou Jo
uiewoq Aousnbaiq ui ssoq

uoIssusuelj JO JuUdWAOURYUT
19ABT SAISAUPY Yl iM
A1isusq psxid

J0 Jole|nsu| punog ./////Jwr

19ABT 9AIS8YPY U1
$31315U8q 1U8J84Liq
Jo '103B|NSu| punog

$S07 ucissiusue.)]

L1914

(4p) $S07 uolsSiwsues]



US 9,087,505 B2

Sheet 12 of 31

Jul. 21, 2015

U.S. Patent

(zH) Kousnbauiq pueg aAe19( ¢/|.

T T _ T T T T T |
|
/ _
|
1
|
suiewoq Asuanbai{ YSIH pue Mo
ul oiey uoijdiosqy punog Jo JuswasUBYUY

JafeT] oAlsaupy Ulip
sa131sus(q Jusialyiq
JO J01B|NSU| puUnos

ZH 008 10 Aousnbai] punoie

a1ey uoijdiosqy punog jo doi(
J9Ae aAlsaypy
Ui A31susq pexid
Jo Joje|nsuj punog

a1y uol1diosqy punog

¢l 9l4

91eY uoildiosqy punos



US 9,087,505 B2

Sheet 13 of 31

Jul. 21, 2015

U.S. Patent

(zy) Aouanbai] pueg oAelOQ £/1

JaAe uolldiosqy punog
pue 19Ae7 90UOS8Y O|qeawadu|-41y

/|

LM/ B000¢
LW/ B00E
NE\mom\\

JaAe aoueUOSAY
a|qeswsadu|-J1y 1o 1Y3Iam—ealy

J9AeT
aoueU0SaYy S|qeawiodu|-Ja1y
40 Agusnbal{ 99UBUOSIY

a1ey uoildiosqy punos

€l 9l

Jo sselj |e10] Aq Aousnbaiq 9ouBUOSIY

a1ey uclidiosqy punog



US 9,087,505 B2

Sheet 14 of 31

Jul. 21, 2015

U.S. Patent

(z}) Aousnbaiq pueg aAe1oQ ¢/1

1 1 I | | | | 1

uw GZ/N 0l 1e uoisaypy
Jefet uolidiosqy

punog puodag Yiip (¢g)

m>oas; 7 cow._o: _

Y91 1d ww 001 18 UoIsaypy 30Q
19Ae7 uolidiosqy
punog puodas yiip (2)

T JakeT uolydiosqy( L)

puUNog puooas noy3 i

§S07] Uolssluwsued]

vl 914

(dp) $SO7 UOISSIWSUBI]



US 9,087,505 B2

Sheet 15 of 31

Jul. 21, 2015

U.S. Patent

ZH Aousnbaiq pueg @AB19Q ¢/1

JaMod SuigJosgy punos of 1O [elJolejy
JO UO11914189Y JO UO|J1puoy Japufn
J9fe7 u011dJosqy punog puooas 1noyiip

e

19AB7 9ouUBUOSDY 9|deowsadu|-J1y
10 U01391.4389y-uou JO UOI11puoy Japufl
J9AeT U011dJ10Sqy punog puoosag 1noyi!p

GlL 9l

a1ey uolldiosqy punog

%

00}



US 9,087,505 B2

Sheet 16 of 31

Jul. 21, 2015

U.S. Patent

ZJ Aousbaiq pueg aAB19Q £/1

suo|y Joafe7 uo11diosqy punog puooss
10 JaAe7 uo|ldiosqy punos

Jomod SuirgJosqy punog ON 1o |elJaley
10 UO110141S8Y JO UOI1IpuO) Japuf)
Yiim JoAeT 9ouUBUOSIY 9| gEsuadui-J1y

JaAeT UOI1dJoSQy punog puodds Yiim
1oKe] @oueuosay 9|qeaw.adw|-Jly
10 U0119141S9Y 10 U011 Ipuoy Japuf

91 914

% 918y uolldiosqy punoS

001



U.S. Patent Jul. 21, 2015 Sheet 17 of 31 US 9,087,505 B2

FIG. 17
Dash Silencer 401
First Sound
Dash Panel 10  hbsorption Layer 402
(lron Plate:0.8t) Adhesive Layer 404

Air-Impermeable Resonance Layer 403

Second Sound
Absorption Layer 406

Vehicle Exterior Vehicle Interior

{Engine Room)

. Adhesive Layer 405
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FIG. 20

Vehicle
Interior

501

507 #///

Two-Layer Second Sound

Eﬂﬁ!lllﬂﬂiﬂ!ﬂ!i )é/ Absorption Layer 506

506b 2 Air-lmpermeable Resonanse Layer 503
Adhesive Layer 504
502

Vehicle
Exterior
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FI1G. 21
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FI1G. 22
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FIG. 23

(a)

Modified Structure
With Film)

AN
Without Film

Transmission Loss (dB)
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& Modified Structure
c With Film)
o
2
Q.
S
2
<
c
3
v Without Film
0

1/3 Octave Center Frequency (Hz)



U.S. Patent Jul. 21, 2015 Sheet 24 of 31 US 9,087,505 B2

FIG. 24

Vehicle
interior

601

Two-Layer Second Sound
Absorption Laver 606

Air-Impermeable
Resonance Layer 603
Adhesive Layer 604 602a

602

602b

Vehicle
Exterior
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FIG. 25
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FIG. 26
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FIG. 27

Prior Art Sound Insulation Structure

Body Panel Area—weight 6.2kg/m?

Air Laver pir_impermeable Sound

Insulation Layer

Area-weight:5. Okg/m?
Thickness :2.Omm
Rubber Sheet

Sound Absorption Layer

Area-weight:1. Okg/m?
Thickness :20mm
Thermopiastic Felt

PP PLLL I EOEELPORL DB LLT I ES L LL LI ELI P
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FIG. 28

Structure of Patent Publication Gazette No.2000-516175

Body Panel Area-weight 6.2kg/m?

Air Layer Air-Permeable Hard Layer

Air-Flow Resistance;500~ 2500Ns/m®
Area—weight:1. Okg/m?

Thickness :5mm

Compressed Thermoplastic Felt

AR AN A A A S AL,

Air-Permeable Spring Layer
Area-weight:1.0kg/m?
Thickness :20mm
Thermoplastic Felt
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1
ULTRA-LIGHT SOUND INSULATOR

CROSS-REFERENCE TO RELATED
APPLICATION

This applicationis a continuation application of U.S. appli-
cation Ser. No. 13/443,028 now U.S. Pat. No. 8,637,145, filed
Apr. 10,2012, which is a divisional application of U.S. appli-
cation Ser. No. 10/551,124, filed Sep. 26, 2005, now U.S. Pat.
No. 8,158,246 issued Apr. 17, 2012, which is a National Stage
Entry of international application no. PCT/JP2004/003902,
filed Mar. 23, 2004, the contents of each of which are incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultra-light sound insu-
lator that prevents propagation of noise and other undesired
sound from an engine room or any other vehicle exterior into
a vehicle interior. More specifically the invention pertains to
anultra-light sound insulator that is extremely light in weight
and effectively absorbs noise and other undesired sound to
prevent their propagation into the vehicle interior.

2. Description of the Related Art

Patent Document 1 discloses a multifunctional kit (41),
which is used in vehicles to attain noise reduction and heat
insulation and more specifically to have sound-absorbing,
sound-insulating, oscillation-damping, and heat-insulating
effects on floor insulation, end wall insulation, door covering,
and roof inner covering. The multifunctional kit (41) includes
at least one areal vehicle part (11) and a multi-layer noise-
reducing assembly package (42). The assembly package (42)
has at least one porous spring layer (13), which is preferably
formed from an open-pored foam layer. An air gap (25) is
interposed between the assembly package (42) and the areal
vehicle part (11). The multi-layer assembly package (42)
does not have a heavy-weight layer to give the ultra-light kit
(41) suitable for the optimum combination of sound-insulat-
ing, sound-absorbing, and oscillation-damping properties.
The assembly package (42) also has a micro-porous stiffen-
ing layer (14), which preferably consists of an open-pored
fiber layer or fiber/foam composite layer. The micro-porous
stiffening layer (14) has a total airflow resistance of R, =500
Nsm™ to R,=2500 Nsm~>, in particular of R =900 Nsm~> to
R,~2000 Nsm~>, and an area-weight (weight per unit area) of
m,=0.3 kg/m* to m=2.0 kg/m?, in particular of m,=0.5
kg/m? to m;~1.6 kg/m*. The advantages of this kit are par-
ticularly evident with the application of thin steel sheeting,
light aluminum sheeting, or organo-sheeting, as is favorably
used today in the automobile industry. A further advantage of
this kit lies in the extremely low heat conductivity of the
applied porous spring layer, which leads to the fact that this
kit apart from its good acoustic effectiveness (sound insula-
tion effects) also has good heat insulation.

Patent Document 2 discloses a sound insulator 10 for
vehicles. In this prior art sound insulator 10, a first air-per-
meable sound absorption layer 20, an air-impermeable sound
insulation layer 30, and a second air-permeable sound absorp-
tion layer 40 are arranged in this order from a vehicle interior
100. The first air-permeable sound absorption layer 20 does
not have an air-impermeable layer on the side of the vehicle
interior, while the second air-permeable sound absorption
layer 40 does not have an air-impermeable layer on the oppo-
site side of the vehicle interior. The sound insulator is light in
weight and is designed to effectively reabsorb noise, which
has passed through the sound insulator and leaked into the
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vehicle interior, and to effectively absorb noise incoming
from a site other than an engine room into the vehicle interior.

Patent Document 3 discloses an automobile insulator (20)
attached to the vehicle interior side of a vehicle body panel
(10). The insulator (20) has a mono-layer sound absorption
layer (21), the base of which is a fiber molded object. The
insulator (20) is constructed as an air-permeable insulator to
absorb the noise, which is propagated through the vehicle
body panel (10) and enters the sound absorption layer (21),
while absorbing reflected noise, which is transmitted through
the sound absorption layer (21), is reflected from the inner
face of a vehicle interior panel (40), and enters again the
sound absorption layer (21) from the surface side. A surface
layer (22) of high-density fibers set to have a higher density
than the area density of the sound absorption layer (21) is
formed on at least one of the surface and the rear face of the
sound absorption layer (21). A surface layer (27) of a foamed
resin sheet material is also formed to wholly or partly cover at
least one of the surface and the rear face of the sound absorp-
tion layer (21). This structure excludes the conventional
sound insulation layer to reduce the weight, while preventing
an increase in sound pressure in the instrument panel (40) to
enhance the stillness in the vehicle interior.

Patent Document 4 discloses a laminated object obtained
by integrally forming a polyolefin resin foam having a skin
peel strength of not greater than 20 N/cm and an L value of not
higher than 60 and a bulky non-woven fabric having a thick-
ness of not less than 5 mm and a density of not higher than 50
kg/ecm®. The laminated object has an area-weight of not
greater than 3 kg/m?. The laminated object is light in weight
and easily shaped and has high recyclability and good appear-
ance.

A dash silencer including a surface layer and a sound
absorption layer (Patent Document 1+Patent Document 3)
has been proposed by taking advantage of the air-flow resis-
tance.

The transmission loss and the sound absorption power of
the conventional sound insulation structure are compared
with those of the structure disclosed in Patent Document 1. In
this discussion, a low frequency domain includes 315 Hz and
lower as the 15 octave band center frequency. A medium
frequency domain includes 400 to 1600 Hz. A high frequency
domain includes 2000 Hz and higher.

The transmission loss and the sound absorption power of
the conventional sound insulation type structure (see FI1G. 27,
hereafter referred to as the ‘structure of FIG. 27°) are com-
pared with those of the structure disclosed in Patent Docu-
ment 1 (see FIG. 28, hereafter referred to as the ‘structure of
FIG. 28").

The dash silencer having the structure of FIG. 27 has an
area-weight of 6.0 kg/m?, whereas the structure of FIG. 28
has a currently available effective area-weight of 2.0 kg/m?.
These products are attached to a vehicle body panel, which
has an area-weight of 6.2 kg/m?.

According to the transmission loss curve of FIG. 29(a), the
structure of FIG. 27 has the greater transmission loss than the
weight law. This is ascribed to the double-wall structure of the
air-impermeable surface layer and the panel and the presence
of the intermediate sound absorption material having the
air-flow resistance. The high area-weight of rubber sheet,
however, causes a significant transmission resonance in a low
frequency domain to drastically lower the transmission loss.

According to the transmission loss curve of FIG. 29(a), the
structure of FIG. 28 has the smaller transmission loss than the
weight law. The structure of FIG. 28 has also a double-wall
structure of the air-permeable surface layer and the panel,
however, the surface layer lets air through, and this causes
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sound leakage in a high frequency domain. The structure of
FIG. 28 accordingly does not give sufficient transmission loss
for sound insulation.

According to the sound absorption rate curve of FIG. 29(5),
the structure of FIG. 27 has a peak of sound absorption rate,
due to strong surface resonance, in a low frequency domain,
while only little or substantially no sound absorption rate in
the medium to high frequency domain.

According to the sound absorption rate curve of FIG. 29(5),
the structure of FIG. 28 takes advantage of the surface reso-
nance of the surface layer having the high air-flow resistance
and the sound absorbing power of the rear sound absorption
layer to attain sound absorption power in the medium to high
frequency domain.

The indirect noise, which incomes from everywhere of the
automobile and is reflected, rather than the direct noise,
which directly incomes from the dash panel to the dash
silencer, more significantly affects the actual stillness in the
vehicle interior. The structure of Patent Document 1 has sig-
nificantly lowered transmission loss but relatively higher
sound absorbing power in a medium to high frequency
domain, thus attaining somewhat equivalent stillness in the
vehicle interior to the effects of the conventional structure.
The structure of Patent Document 1, however, has an advan-
tage of significant weight reduction of a product and has
favorably been applied to the recent dash panel structure.
[Patent Document 1] Patent Publication Gazette No. 2000-
516175
[Patent Document 2] Patent Laid-Open Gazette No. 2001-
347899
[Patent Document 3] Patent Laid-Open Gazette No. 2002-
220009
[Patent Document 4] Patent Laid-Open Gazette No. 2002-
347194

The automobile of some vehicle structure has large effects
of direct noise. The structure of FIG. 28 may give an insuffi-
cient transmission loss (see FIG. 29(a)) and thus fail to attain
the required stillness in the vehicle interior. Additionally,
actual products have designed patterns and varying thickness
of the sound absorption layer in a range of 1 to 30 mm. The
dash silencer having the structure of FIG. 28 disclosed in
Patent Document 1 takes advantage of the sound absorbing
power of the sound absorption layer in the high frequency
domain. Reduction in thickness of the sound absorption layer
thus results in the lowered sound absorbing power. Addition-
ally, the sound absorption layer is made of felt having a
thickness in a range of 30 to 50 mm. The thin wall portion has
the lowered air-flow resistance than the other wall portion and
does not give the sufficient sound absorbing power. The dash
silencer having the structure disclosed in Patent Document 1
that assures the stillness in the vehicle interior due to sound
absorbing power may thus not exert sufficient performances.

The prior art sound insulator is designed to reduce the noise
directly incoming from the vehicle exterior and have good
sound absorbing power in a wide frequency domain, while
not having the sufficient countermeasure to absorb reflected
noise in the vehicle interior. As shown in FIG. 30, a '3 octave
band center frequency domain of 800 to 1600 Hz is essential
for the clearness of conversion. The prior art structure has
insufficient sound absorption effects at the frequency of about
1000 Hz, which is important for cleanness of conversation.

In the sound insulator of Patent Document 2, the sound
absorbing power of the sound absorption material is used to
absorb sound in a frequency domain of not lower than 1000
Hz, as shown in FIG. 31. The reduced thickness of the sound
absorption layer thus tends to lower the sound absorption rate.
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The sound insulator having the structure of FIG. 28 func-
tions to absorb reflected sound in the vehicle interior, but there
is no clear method of regulating the sound absorption fre-
quency.

The prior art sound insulators disclosed in Patent Docu-
ments 3 and 4 have not given any consideration to the effects
of the restricting state at the interface between the sound
absorption layer and the surface layer and the air permeation
of the surface layer on the sound absorption characteristics
and the sound insulation characteristics. Actual products have
complicated shapes and require the interfacial adhesion
strength. The prior art sound insulators may thus have differ-
ent sound absorption and sound insulation characteristics
from designed conditions and may not be usable in limited
spaces.

SUMMARY OF THE INVENTION

The object of the invention is thus to enhance sound insu-
lation from direct noise incoming from a vehicle panel and
more specifically to raise transmission loss in a medium to
high frequency domain generally having less transmission
loss. The object of the invention is also to ensure sufficient
sound absorption even in a thin-wall sound absorption layer
of an actual odd-shaped product and more specifically to
enhance sound absorbing power in the medium frequency
domain (including a noise level of a voice-tone frequency
domain) to high frequency domain. The object of the inven-
tion is further to enhance sound absorbing power in a fre-
quency domain of 315 to 800 Hz generally having poor sound
absorption. The object of the invention is also to reduce the
weight of a sound insulator.

Inorderto attain the above and the other related objects, the
inventor of this invention has found the optimum conditions
of adhesion at an interface between a sound absorption layer
and an air-impermeable resonance layer and has significantly
reduced the weight of the air-impermeable resonance layer.
The transmission loss and the sound absorbing rate in the
relevant frequency domain are regulated in order to ensure
sufficient sound insulation from noise incoming from a
vehicle exterior and sufficient sound absorption in the vehicle
interior, and thereby improve the stillness in the vehicle inte-
rior.

The invention recited in claim 1 is thus directed to an
ultra-light sound insulator, which includes: a sound absorp-
tion layer that is light in weight and has a thickness in a range
of 1 to 100 mm, a density in a range of 0.01 to 0.2 g/cm> or
more preferably in a range of 0.03 to 0.08 g/cm®; and an
air-impermeable resonance layer that is bonded to the sound
absorption layer via an adhesive layer and has an arca-weight
(weight per unit area) of not greater than 600 g/m* or more
preferably of not greater than 300 g/m>. An adhesion strength
of the adhesive layer against the sound absorption layer and
the air-impermeable resonance layer is set in arange of 1 to 20
N/25 mm or more preferably in a range of 3 to 10 N/25 mm
under conditions of a peel angle of 180 degrees and a peel
width of 25 mm. An adhesion area of the adhesive layer is 50
to 100% or more preferably 80 to 100% of a whole interface
between the sound absorption layer and the air-impermeable
resonance layer. The sound absorption layer faces to a vehicle
body panel, while the air-impermeable resonance layer faces
to a vehicle interior.

The peeling method is in conformity with ‘JIS K6854, F1G.
4: 180-degree peel’ and adopts a peeling rate of 200
mny/minute.

The air-impermeable resonance layer and the sound
absorption are bonded to each other with a sufficient adhesion
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force by means of the adhesive layer at the interface. The
sound insulator of the invention takes advantage of the reso-
nance of the sound absorption layer and the air-impermeable
resonance layer at the interface to ensure sufficient sound
absorption. The air permeability is measured with a Frazil-
type air permeability tester in conformity with JIS 11018
8.3.3.1 concerning air permeability of knitted fabrics or an
equivalent air permeability tester having extremely high cor-
relativity. The material is determined as air impermeable
when the measurement result is not greater than 0.1 cm®/
cm?sec, which is the lowest measurable limit. The sound
absorption layer preferably includes an air layer.

The inventor of the present invention has completed the
invention, based on the finding that the peel strength and the
adhesion area of the adhesive layer that indicate the state of
the interface between the air-impermeable resonance layer
and the sound absorption layer affects the sound absorbing
power. The ultra-light sound insulator of the invention takes
advantage of the resonance at the interface between the air-
impermeable resonance layer and the sound absorption layer
to enhance the sound absorbing power. The presence of the
adhesive layer interposed between the air-impermeable reso-
nance layer and the sound absorption layer effectively regu-
lates the frequency of sound absorbed at the interface. The
sound in the vehicle interior is absorbed by membrane reso-
nance of the air-impermeable resonance layer and the sound
absorption layer.

The air-impermeable resonance layer may be formed over
the whole face or partial face of the sound absorption layer or
may be formed on either the surface or the rear face of the
sound absorption layer.

The structure of the ultra-light sound insulator includes the
sound absorption layer and the air-impermeable resonance
layer (for example, an air-impermeable thin film layer or an
ultra-light air-impermeable foam layer), which faces to the
vehicle interior. The sound absorption layer and the adhesive
layer may be air impermeable or air permeable. The sound
absorption layer may be made of an air-permeable material or
an air-impermeable material, as long as the material ensures
sufficient sound absorbing power. For example, both air-per-
meable and air-impermeable polyurethane molds are appli-
cable to the material of the sound absorption layer.

The adhesion area of the adhesive layer is 50 to 100% or
preferably not less than 80% of the whole interface between
the air-impermeable resonance layer and the sound absorp-
tion layer. The adhesion area may cover the whole interface or
the partial interface. It is desirable that the sound absorption
layer is continuously bonded to the air-impermeable reso-
nance layer via the adhesive layer. Dot adhesion at a density
of 1 to 50 dots/cm? or thread adhesion may be adopted. An
adhesive film may also be applied for adhesion of the whole
interface.

The adhesion strength is set in a range of 1 to 20 N/25 mm
or more preferably in a range of 3 to 10 N/25 mm under the
conditions of a peel angle of 180 degrees and a peel width of
25 mm.

The air-impermeable resonance layer is made of an air-
impermeable material, for example, a resin foam or a resin
film. The sound absorption layer is made of either an air-
impermeable material or an air-permeable material, for
example, a thermoplastic felt of reused synthetic fibers or
PET fibers with binder fibers. The adhesive layer is made of
either an air-impermeable material or an air-permeable mate-
rial, for example, ethylene vinyl acetate copolymer (EVA) or
polyurethane adhesive.
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The sound absorption layer of the invention recited in
claim 2 is an ultra-light sound insulator that has a multi-layer
structure of a high-density sound absorption layer and a low-
density sound absorption layer.

An invention recited in claim 3 is an ultra-light sound
insulator in accordance with claim 2, wherein the high-den-
sity sound absorption layer has a density in a range of 0.05 to
0.20 g/cm® and a thickness in a range of 2 to 70 mm, and the
low-density sound absorption layer has a density in a range of
0.01 to 0.10 g/cm® and a thickness in a range of 2 to 70 mm.

An invention recited in claim 4 is an ultra-light sound
insulator in accordance with either one of claim 2 and 3,
wherein the high-density sound absorption layer has an initial
compression repulsive force in a range of 30 to 600 N or more
preferably in a range of 50 to 300 N, and the low-density
sound absorption layer has an initial compression repulsive
force in a range of 5 to 300 N or more preferably in a range of
10 to 100N and the initial compression repulsive force of the
high-density sound absorption layer is at least 1.2 to 40 times
the initial compression repulsive force of the low-density
sound absorption layer and the high-density sound absorption
layer has a thickness occupying 20 to 80% of the thickness of
the sound absorption layer, more preferably the initial com-
pression repulsive force of the high-density sound absorption
layer is 1.5 to 5 times the initial compression repulsive force
of the low-density sound absorption layer and the high-den-
sity sound absorption layer has a thickness occupying 40 to
60% of the thickness of the sound absorption layer.

The compression initial repulsive force and the thickness
of'the high-density sound absorption layer atfect the spring in
a spring-mass vibration system. Adhesion of the high-density
sound absorption layer having the higher initial repulsive
force to the air-impermeable resonance layer via the adhesive
layer enhances the rigidity of the air-impermeable resonance
layer and shifts the resonance frequency to the higher fre-
quency. The high-density sound absorption layer and the
low-density sound absorption layer are required to have an
adequate difference of rigidity to induce the resonances in
desired high frequency domain and low frequency domain.

Each sound absorption material used for the sound absorp-
tion layer is trimmed to a cylindrical sample of 100 mm ¢ and
20 mm in thickness for measurement of the initial compres-
sion repulsive force.

FIG. 1 shows a method of measuring the initial compres-
sion repulsive force, where a load is applied to compress a
cylindrical sample (100 mm ¢) of each sound absorption
material.

As showninFIG. 1, a load is applied onto the top face of the
sample, and the repulsive force under the condition of a
compression to a depth of 5 mm is measured with aload tester
like a Tensilon tester. The loading speed is 50 mm/minute. For
the purpose of reference, the repulsive force is measured
under the conditions of a compression to a depth of 2.5 mm
and a compression to a depth of 7.5 mm.

FIG. 2 is a table showing results of measurement of the
initial compression repulsive force with regard to PET (poly-
ethylene terephtalate) felt, RSPP (reused sound insulating
material made from shredder dust), and PUF (polyurethane
foam). The compression repulsive force of the sound absorp-
tion layer is related to the elastic modulus of a damping
material. The felt conventionally used as a kind of sound
insulating materials is a kind of damping materials. The
damping material absorbs vibration energy and converts the
absorbed vibration energy into thermal energy. A loss coeffi-
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cient m is a factor showing the damping effect. The loss
coefficient 1 is expressed by Equation 1 given below:

E2 (k2 [Equation 1]

2
n=n XEX(H]

1 Loss coefficient

, Loss coefficient of sound

7 absorption layer
Elastic modulus of
El:
resonance layer
Elastic modulus of
E2: i
sound absorption layer
Wl Thickness of resonance
" layer
Thickness of sound

h2: i
absorption layer

It is preferable that the sound absorption layer has a two-
layer structure including a high-density sound absorption
layer and a low-density sound absorption layer of different
materials. Another preferable example of the sound absorp-
tion layer is made of a single material having a density gra-
dient from a higher density to a lower density.

Preferably, the sound absorption layer made of the two-
layer structure of different materials is a combination of a
higher-density sound absorption material with a lower-den-
sity sound absorption material. The mono-layer structure
having the density gradient from a higher density to a lower
density exerts the similar effects to those of the two-layer
structure, when its higher density side is bonded to the air-
impermeable resonance layer via the adhesive layer.

For example, one face of the high-density sound absorption
layer may be bonded to the air-impermeable resonance layer
via the adhesive layer, while one face of the low-density
sound absorption layer is bonded via another adhesive layer
to or laid on the other face of the high-density sound absorp-
tion layer, which is opposite to the air-impermeable reso-
nance layer. For another example, mono-layer structure hav-
ing the density gradient from a higher density to a lower
density may also be used.

Preferable materials for the sound absorption layer include
thermoplastic felts, polyester felts like PET (polyethylene
terephtalate) felt, polyurethane molds, polyurethane foam
slubs, and RSPP.

An invention recited in claim 5 is an ultra-light sound
insulator in accordance with claim 1, wherein the sound
absorption layer has a mono-layer structure and has a density
in a range of 0.02 to 0.20 g/cm® and a thickness in a range of
2 to 70 mm. It is preferable that the sound absorption layer is
made of a single material.

An invention recited in claim 6 is an ultra-light sound
insulator in accordance with claim 5, wherein the sound
absorption layer has an initial compression repulsive force in
arange of2to 200 N or more preferably in arange of20to 100
N.

An invention recited in claim 7 is an ultra-light sound
insulator in accordance with any one of the claims 1 through
6, wherein a second sound absorption layer is bonded to the
other face of the air-impermeable resonance layer, which is
not in contact with the adhesive layer but faces to the vehicle
interior, and the second sound absorption layer has a density
in a range of 0.01 to 0.2 g/cm® or more preferably in a range
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0f0.05 to 0.15 g/cm® and a thickness in a range of 1 to 20 mm
or more preferably in a range of 4 to 10 mm.

Any method may be adopted to fix the second sound
absorption layer to the air-impermeable resonance layer. One
method does not use any adhesive but simply lays the second
sound absorption layer on the air-impermeable resonance
layer. For example, the second sound absorption layer, the
resonance layer, and the sound absorption layer are fixed via
a fastener (not shown) to a vehicle body panel like a dash
panel or a floor panel. Another method is local adhesion like
dot adhesion at a pitch of 20 to 100 mm. Still another method
is overall adhesion via an adhesive layer. The adhesion
strength of the second sound absorption layer to the air-
impermeable resonance layer is in a range of 0.1 to 20 N/25
mm or more preferably in a range of 3 to 10 N/25 mm under
the conditions of a peel angle of 180 degrees and a peel width
of'25 mm. The second sound absorption layer may be formed
to cover over the whole single face of the air-impermeable
resonance layer, or may be formed only at a site of high noise
reflection in the vehicle interior according to the require-
ments. The second sound absorption layer may have a mono-
layer structure or a multi-layer structure. The multiple layers
of the second sound absorption layer may be joined together
by adhesion. Multiple sound absorption layers may be joined
by an adhesive agent, an adhesive film, or by mechanical
bonding, such as mechanical needle punching force.

An invention recited in claim 8 is an ultra-light sound
insulator in accordance with claim 7, wherein the second
sound absorption layer has either of a mono-layer structure
and a multi-layer structure.

An invention recited in claim 9 is an ultra-light sound
insulator in accordance with either one of claim 7 and 8,
wherein the second sound absorption layer has a multi-layer
structure of a lower layer and an upper layer. The lower layer
of the second sound absorption layer may be bonded to the
air-impermeable resonance layer or otherwise the upper layer
and the lower layer of the second sound absorption layer may
be laid one upon the other by means of a mechanical boring
force. More precisely, it is preferable that a lower layer of the
second sound absorption layer is bonded to a film resonance
layer or an upper film layer and a lower felt layer are laid one
upon the other by needle punching.

An invention recited in claim 10 is an ultra-light sound
insulator in accordance with any one of claims 1 through 9,
wherein the air-impermeable resonance layer is either of a
foam and a film, and the air-impermeable resonance layer has
a thickness in a range of 1 to 7 mm or more preferably in a
range of 2 to 3 mm in the case of the foam, while having a
thickness in a range of 10 to 600 um or more preferably in a
range of 20 to 300 um in the case of the film.

The sound absorption layer is made of a low-density air-
impermeable or air-permeable material and has sound
absorbing power. The air-impermeable resonance layer is
required to be sufficiently light in weight for the resonance at
a low pitch or with low vibration energy.

Preferable materials for the air-impermeable resonance
film layer include olefin resin films, polyester films like poly-
ethylene terephthalate (PET) film, polyurethane resin films,
and their combinations. Preferable materials for the indepen-
dent air-impermeable resonance foam include olefin foams
like polypropylene foam (PPF) and polyethylene foam (PEF).

The ultra-light sound insulator of the invention has the
especially good sound absorbing power in the frequency band
01 1000 to 1600 Hz for the improved clarity of conversation.
This is ascribed to a continuous, arbitrary variation in thick-
ness of the sound absorption layer. The structure of the inven-
tion effectively improves sound absorption by the sheet reso-
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nance in this frequency band, thus ensuring the favorable
stillness in the vehicle interior. The ultra-light sound insulator
of the invention has the less thickness but takes advantage of
the sheet resonance to ensure the high sound absorption rate.

The structure of the invention significantly reduces the
weight of the air-impermeable resonance layer, compared
with the prior art sound absorber. In the ultra-light sound
insulator of the invention, the air-impermeable resonance
layer has an area-weight of not greater than 600 g/m> or more
preferably of not greater than 300 g/m>. The air-impermeable
resonance layer is either a foam or a film and has a thickness
in a range of 1 to 7 mm or more preferably in a range of 2 to
3 mm in the case of the foam, while having a thickness in a
range of 10 to 600 um or more preferably in a range of 20 to
300 um in the case of the film.

The conventional sound insulator has an area-weight in a
range of 4000 to 10000 g/m?, and the conventional sound
absorber has an area-weight in a range of 500 to 2000 g/m>. In
the ultra-light sound insulator of the invention, on the other
hand, the air-impermeable resonance layer has an area-
weight of not greater than 200 g/m?.

The adhesive layer has a thickness in a range of 1 to 100 um
ormore preferably in arange of 5 to 50 um and an area-weight
in arange of 5 to 200 g/m? or more preferably in a range of 10
to 100 g/m>. The adhesive layer may have any arbitrary den-
sity.

The terminology ‘whole interface’ means the whole inter-
face where the air-impermeable resonance layer and the
sound absorption layer can be joined by adhesion. Here S1
and S2 denote the area of the air-impermeable resonance
layer and the sound absorption layer. In the case of S1=S2, the
area of the whole interface S=S1=S2. In the case of S1>82,
the area of the whole interface S=S2. In the case of S1<S2, the
area of the whole interface S=S1. The terminology ‘peel’
means release of the sound absorption layer from the bonded
air-impermeable resonance layer under preset measurement
conditions. The peeling state may represent surface destruc-
tion of the material (for example, surface destruction of the
felt), interfacial release of the adhesive (for example, release
with the adhesive entirely left on the sound absorption layer),
cohesive release of the adhesive (for example, release with the
adhesive in the threading state left on both the sound absorp-
tion layer and the air-impermeable resonance layer), or a
combination of surface destruction of the material, interfacial
release of the adhesive, and cohesive release of the adhesive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a method of measuring initial compression
repulsive force;

FIG. 2 is a table showing results of measurement of the
initial compression repulsive force;

FIG. 3 shows the basic structure of a dash silencer 1 in a
first embodiment of the invention;

FIG. 4 is a sectional view showing a dash panel with the
dash silencer 1 attached thereto;

FIGS. 5(a) and 5(b) are graphs respectively showing fre-
quency-transmission loss curves and frequency-sound
absorption rate curves with regard to the dash silencer 1 of the
first embodiment and the prior art structures of FIGS. 27 and
28;

FIG. 6(a) is a graph showing frequency-sound absorption
rate curves with regard to the dash silencer 1 of the first
embodiment;

FIG. 6(b) is a graph showing frequency-sound absorption
rate curves with regard to the dash silencer without an air-
impermeable resonance layer;
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FIGS. 7(a) and 7(b) are graphs respectively showing fre-
quency-transmission loss curves and frequency-sound
absorption rate curves under sufficient adhesive conditions
and under insufficient adhesive conditions in the dash silencer
1 of the first embodiment;

FIG. 8 is a graph showing %3 octave band frequency-trans-
mission loss characteristic curves with regard to the dash
silencer 1;

FIG.9 is a graph showing %5 octave band frequency-sound
absorption rate characteristic curves with regard to the dash
silencer 1;

FIG. 10(a) shows the basic structure of a dash silencer 201
(having a varying-density, two-layer sound absorption layer)
in a second embodiment of the invention;

FIG. 10(b) shows the basic structure of a dash silencer 301
(having a second sound absorption layer bonded to an air-
impermeable resonance layer) in a third embodiment of the
invention;

FIG. 11 is a graph showing frequency-transmission loss
curves with regard to a varying-density, two-layer sound
absorption layer and a mono-layer sound absorption layer on
a fixed density in the dash silencer 201 of the second embodi-
ment;

FIG. 12 is a graph showing frequency-sound absorption
rate curves with regard to a varying-density, two-layer sound
absorption layer and a mono-layer sound absorption layer of
a fixed density in the dash silencer 201 of the second embodi-
ment;

FIG. 13 is a graph showing frequency-sound absorption
rate curves when there is an adhesive layer and the sound
absorption layer has a density variety.

FIG. 14 is a graph showing frequency-transmission loss
curves in the presence and in the absence of the second sound
absorption layer under various adhesive conditions;

FIG. 15 is a graph showing the frequency-sound absorption
rate curves in the absence of the second sound absorption
layer and under restriction or non-restriction of the air-imper-
meable resonance layer with a material of no sound absorbing
power in the dash silencer 301 of the third embodiment;

FIG. 16 is a graph showing the frequency-sound absorption
rate curves under restriction of the air-impermeable reso-
nance layer with the second sound absorption layer and with
a material of no sound absorbing power in the dash silencer
301 of the third embodiment;

FIG. 17 shows the basic structure of a dash silencer 401
(having a mono-layer sound absorption layer) in a fourth
embodiment of the invention;

FIG. 18 is a graph showing frequency-transmission loss
curves of the fourth embodiment;

FIG. 19 is a graph showing frequency-sound absorption
rate curves of the fourth embodiment;

FIG. 20 shows the basic structure of a floor silencer 501 in
a fifth embodiment;

FIGS. 21(a), 21(b), and 21(c) respectively show the basic
structure of Comparative Example 1, the basic structure of
Comparative Example 2, and the basic structure of Example
of the fifth embodiment;

FIG. 22(a) is a graph showing frequency-transmission loss
curves with regard to the respective structures of FIGS. 21(a)
through 21(c);

FIG. 22(b) is a graph showing frequency-sound absorption
rate curves with regard to the respective structures of FIGS.
21(a) through 21(c);

FIG. 23(a) is a graph showing frequency-transmission loss
curves with and without a film in a modified structure of the
fifth embodiment;
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FIG. 23(b) is a graph showing frequency-sound absorption
rate curves with and without a film in the modified structure of
the fifth embodiment;

FIG. 24 shows the basic structure of a floor silencer 601 in
a sixth embodiment of the invention;

FIG. 25 is a plan view showing a measurement system of
transmission loss;

FIG. 26 is a plan view showing a measurement system of
sound absorption rate;

FIG. 27 shows a prior art sound insulation structure;

FIG. 28 shows a sound insulation structure disclosed in
Patent Document 1;

FIG. 29(a) is a graph showing frequency-transmission loss
curves with regard to the prior art sound insulation structure
shown in FIG. 27 and the sound insulation structure of Patent
Document 1 shown in FIG. 28

FIG. 29(b) is a graph showing frequency-sound absorption
rate curves with regard to the prior art sound insulation struc-
ture shown in FIG. 27 and the sound insulation structure of
Patent Document 1 shown in FIG. 28

FIG. 30 is a graph showing a variation in noise level in
vehicle interior; and

FIG. 31 is a graph showing a frequency-sound absorption
rate curve in Patent Document 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The ultra-light sound insulator of the invention is discussed
below as first through six embodiments with reference to the
accompanying drawings.

First Embodiment

As shown in FIG. 3, a dash silencer 1 of a first embodiment
has a two-layer structure of a sound absorption layer 2 and an
air-impermeable resonance layer 3. The sound absorption
layer 2 has an air permeability in a range of 10 to 50 cm?®/
cm?-sec in the case of thermoplastic felt or an air permeability
ofnot greater than 10 cm®/cm?-sec in the case of polyurethane
foam. An adhesive layer 4 is interposed between the sound
absorption layer 2 and the air-impermeable resonance layer 3
for bonding the two layers 2 and 3 to each other. The dash
silencer 1 takes advantage of resonance at the interface
between the sound absorption layer 2 and the air-imperme-
able resonance layer 3 for sound absorption.

As shown in FIG. 4, an iron dash panel 10 parts a vehicle
interior from a vehicle exterior (an engine room), and the dash
silencer 1 of the first embodiment is formed along the inner
surface of the vehicle interior. The dash silencer 1 is designed
to be ultra light in weight for the enhanced fuel efficiency and
the easy attachment but to still have sufficient sound absorp-
tion properties.

FIG. 4 shows the dash silencer 1 of the first embodiment.
The vehicle interior, the air-impermeable resonance layer 3,
the adhesive layer 4, the sound absorption layer 2, the dash
panel 10 as the vehicle body, and the vehicle exterior are
arranged in this order. The sound absorption layer 2 faces to
the dash panel 10, whereas the air-impermeable resonance
layer 3 faces to the vehicle interior. The sound absorption
layer 2 is bonded to the dash panel 10. An augmentation
material may be interposed between them.

The sound absorption layer 2 is formed along the face of
the dash panel 10. The sound absorption layer 2 has an arbi-
trary varying thickness of not greater than 50 mm or more
preferably in a range of 5 to 40 mm, an area-weight (weight
per unit area) in a range of 500 to 2000 g/m> or more prefer-
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ably in a range of 1000 to 1600 g/m>, a density in a range of
0.01 to 0.2 g/cm® or more preferably in arange of 0.03 to 0.08
g/cm’, and an initial compression repulsive force in a range of
2 to 200 N or more preferably in a range of 20 to 100 N. A
compression molded part to a local thickness of 1 mm has an
extremely high density of 0.5 g/cm®. This part lowers the
sound absorbing power but ensures the sound insulating
power according to the weight law.

The sound absorption layer 2 is made of either an air-
permeable material or an air-impermeable material. A pref-
erable material for the sound absorption layer 2 is thermo-
plastic felt of reused synthetic fibers or PET fibers with binder
fibers. One method of molding the sound absorption layer 2
adds a low melting-point PET resin as a binder to regenerated
PET fibers, aggregates the mixture on a conveyor belt in a mat
shape, heats and presses the mixture to a desired mat shape,
heats and softens the whole mat, and molds the softened mat
to a desired shape along the face of the dash panel 10 by a cold
press metal mold having a desired mold shape. When a ther-
mosetting resin is used as the binder, the fibers impregnated
with the thermosetting resin are formed to a desired shape by
hot pressing. The binder may be any of thermoplastic resins
and thermosetting resins. The material and the molding
method are not restrictive, as long as the material is collective
fibers having excellent sound absorbing properties.

As shown in FIG. 4, the sound absorption layer 2 arbitrarily
varies its thickness in the range of not greater than 50 mm,
thereby varying the thickness of the dash silencer 1.

The randomly varying thickness of the sound absorption
layer 2 effectively absorbs sound in a wide frequency band of
315 to 4000 Hz as a whole.

The air-impermeable resonance layer 3 is formed on the
sound absorption layer 2 and faces to the vehicle interior. The
air-impermeable resonance layer 3 absorbs sound in the
vehicle interior mainly by the membrane resonance with the
sound absorption layer 2. The air-impermeable resonance
layer 3 is made of either air-impermeable resonance film or
air-impermeable independent resonance foam. The air-im-
permeable resonance layer 3 has an area-weight of not greater
than 200 g/m* or more preferably of not greater than 100
g/m?. The air-impermeable resonance layer 3 has a thickness
in a range of 1 to 7 mm or more preferably in a range of 2 to
3 mm in the case of the foam, while having a thickness in a
range of 10 to 200 um or more preferably in a range of 20 to
100 um in the case of the film. The air-impermeable reso-
nance layer 3 has a density in a range of 0.02 to 0.1 g/cm® or
more preferably in a range 0 0.03 to 0.06 g/cm? in the case of
the foam, while having a density inarange of 0.9 to 1.2 g/cm>
or more preferably in a range 0£0.9 to 1.0 g/cm? in the case of
the film.

Preferable materials for the air-impermeable resonance
layer 3 include olefin resin films, polyester films like poly-
ethylene terephthalate (PET) film, polyurethane resin films,
and their combinations. Preferable materials for the air-im-
permeable resonance foam include olefin foams like polypro-
pylene foam (PPF) and polyethylene foam (PEF).

The adhesive layer 4 has an area-weight in a range of 5 to
200 g/m?® or more preferably in a range of 10 to 100 g/m? and
a thickness in a range of 1 to 100 um or more preferably in a
range of 5 to 50 um. The density of the adhesive layer 4 is not
restricted but may be equivalent to a typical value of adhe-
sives. The adhesion strength of the adhesive layer 4 is in a
range of 1 to 20N/25 mm or more preferably in a range of 3 to
10N/25 mm. The rate of the adhesion area is 50 to 100% or
more preferably 80 to 100%. The adhesion area may cover the
whole interface or the partial interface. For example, the
sound absorption layer 2 may continuously be bonded to the
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air-impermeable resonance layer 3 via the adhesive layer 4.
Dot adhesion at a density of 1 to 50 dots/cm? or thread adhe-
sion may be adopted. An adhesive film may be applied for
adhesion of the whole interface. Available materials for the
adhesive layer 4 include ethylene vinyl acetate (EVA) resins,
polyurethane resins, chloroprene rubber (CR) latexes resins,
styrene-butadiene copolymer rubbers (SBR) resins, acryl res-
ins, and olefin resins. It is, however, not desirable to use any
material having weaker adhesive force than a required level to
sufficiently fix the air-impermeable resonance layer 3 to the
sound absorption layer 2.

Lamination by a carding machine or a random film making
machine may be used for formation of the sound absorption
layer 2 and the air-impermeable resonance layer 3. The adhe-
sion plane of the sound absorption layer 2 to the air-imper-
meable resonance layer 3 requires smooth finishing. This
assures the sufficient adhesion area and efficiently fixes the
air-impermeable resonance layer 3 to the sound absorption
layer 2.

The improvement in sound insulation property against
direct sound incoming from the dash panel 10, that is, the
enhancement of the transmission loss in the medium to high
frequency domain having less transmission loss, is attained
by forming the air-impermeable resonance layer 3 of a sig-
nificantly less area-weight than that of the dash panel 10 as a
surface layer and interposing the sound absorption layer 2 of
the air-flow resistance between the dash panel 10 and the
air-impermeable resonance layer 3. Unlike the prior art tech-
nique, the technique of this embodiment regulates the inter-
face between the air-impermeable resonance layer 3 and the
sound absorption layer 2 (that is, the adhesive force of the
adhesive layer 4). The air-impermeable resonance layer 3 has
the significantly reduced area-weight to be not greater than
200 g/m?*. This induces transmission resonances in a low
frequency domain as well as in a high frequency domain
(shown as (1) in FIGS. 5(a) and 5(b)). The two-layer structure
of this embodiment effectively enhances the transmission
loss (shown as (3) in FIG. 5(a)).

The structure of this embodiment ensures sufficient sound
absorption even in an actual odd-shaped product having the
sound absorption layer 2 of varying wall thickness. The struc-
ture of the embodiment effectively takes advantage of the
membrane resonance of the sound absorption layer 2 and the
air-impermeable resonance layer 3 to assure the high sound
absorption rate in the medium to high frequency domain, even
when the thickness of the sound absorption layer 2 is reduced
for attachment of the resulting product in the restricted space.
When the air-impermeable resonance layer 3 has an area-
weight of 50 g/m?, the relation between the thickness of the
sound absorption layer 2 and the resonance frequency fr is
given as Table 1:

TABLE 1

Thickness of Sound
Absorption Layer (mm)

30 25 20 10 5

Resonance 1531 1677 2166 2652 3750

Frequency (Hz)

Sound enters the vehicle interior in a diffusing manner. The
air-impermeable resonance layer 3 is light in weight and has
a low rigidity, so that resonance arises independently in a
narrow area. The resonance frequency varies in a range of
1531 to 3750 Hz with a variation in thickness L of the sound
absorption layer 2 in a range of 30 to 5 mm. As shown in
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FIGS. 6(a) and 6(b), the presence of the air-impermeable
resonance layer 3 assures the sufficient high sound absorption
rate in wide frequency domain, compared with the structure
without any air-impermeable resonance layer.

A general spring-mass vibration model can be applied in
this case. If we assume a mechanical spring including an air
spring of the sound absorption layer 2 and the total mass of the
sound absorption layer 2 and the air-impermeable resonance
layer 3, a resonance frequency fr (Hz) is expressed by Equa-
tion 2 given below. In Equation 2, the spring constant k in the
standard spring vibration equation is defined as k=p-C%/L,
where p, C, m, and L respectively denote the air density (1.2
kg/m?), the sound velocity (340 m/s), the area-weight (g/m?)
of the air-impermeable resonance layer 3, and the thickness
(mm) of the sound absorption layer 2.

1 oC? [Equation 2]

=y B

fr: Resonance frequency

p: Air density 1.2 kg/m®

C: Sound velocity 340 m/s
Area-weight of resonance
layer
Thickness of sound

absorption layer

The structure of this embodiment effectively enhances the
sound absorption rate in a frequency band of 250 to 500 Hz,
which has generally poor sound absorbing power. Sufficient
adhesion of the air-impermeable resonance layer 3 to the
sound absorption layer 2 adds the mass of the sound absorp-
tion layer 2 to the spring-mass vibration system and shifts the
resonance frequency of the air-impermeable resonance layer
3 to a higher frequency. The adhesion also causes a resonance
frequency to appear at a lower frequency (shown as (4) in
FIGS. 7(a) and 7(b)). The restricting force of the sound
absorption layer 2 decreases the reduction of the transmission
loss due to the resonance (shown as (5) in FIGS. 7(a) and
7(b)). The spring-mass including the air spring of the sound
absorption layer 2 and the total mass of the sound absorption
layer 2 and the air-impermeable resonance layer 3 induces
resonance in a frequency band of 315 to 630 Hz and thus
enhances the sound absorption rate in this frequency band
(shown as (6) in FIGS. 7(a) and 7(5)).

The double-wall effect of the dash silencer 1 and the iron
dash panel 10 attain the greater transmission loss than that
expected by the weight law. The significant reduction in
weight of the surface layer (the air-impermeable resonance
layer 3) desirably shifts the frequency of transmission reso-
nance, which worsens the double-wall effect, to the high
frequency domain having the sufficiently high transmission
loss. The extremely light-weight surface layer (the air-imper-
meable resonance layer 3) and regulation of the adhesive
force between the air-impermeable resonance layer 3 and the
sound absorption layer 2 to ensure the sufficient adhesive
force and adhesion area decrease the reduction of the trans-
mission loss due to the transmission resonance by the damp-
ing property of the sound absorption layer 2 (see FIG. 7(a).
The extreme lightness of the air-impermeable resonance layer
3 and the regulated thickness of the sound absorption layer 2
to be not greater than 50 mm well control the resonance
frequency in a frequency band of 315 to 4000 Hz, thus attain-
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ing the high sound absorption rate. The air-impermeable reso-
nance layer 3 alone causes resonance in a medium frequency
domain (640 to 1250 Hz) that belongs to higher frequency
domain. Adhesion of the air-impermeable resonance layer 3
to the sound absorption layer 2 with the sufficient adhesive
force and adhesion area, on the other hand, causes resonance
in the spring-mass vibration system, which utilizes the partial
mass of the sound absorption layer 2, in a lower frequency
domain o315 to 630 Hz. This effectively enhances the sound
absorbing power (see FIG. 7(5)). The air-impermeable reso-
nance layer 3 of the dash silencer 1 of the first embodiment
has the significantly less area-weight than the surface layer of
the prior art structure, but sufficiently insulates direct noise
and sound incoming from the dash panel 10 (from the engine
room) and effectively absorbs indirect noise and sound that
incomes from another site (from the site other than the engine
room) and is reflected in the vehicle interior.

In the structure of the first embodiment, due to the flexibil-
ity and thinness of the air-impermeable resonance layer 3 and
so on, sound and noise in the vehicle interior interfere with
this air-impermeable resonance layer 3, and the thin-mem-
brane vibration of the sound absorption layer 2 and the air-
impermeable resonance layer 3 occurs. This absorbs sound at
the interface between the air-impermeable resonance layer 3
and the sound absorption layer 2 by resonance phenomenon.
Utilization of the adhesive layer 4 interposed between the
air-impermeable resonance layer 3 and the sound absorption
layer 2 effectively control the frequency of sound absorbed at
the interface. The structure of the first embodiment especially
has the high sound absorbing power in a frequency band of
1000 to 1600 Hz, which desirably improves the clarity of
conversation. The area-weight of the air-impermeable reso-
nance layer 3 of 10 to 500 g/m® and the varying thickness of
the sound absorption layer 2 in a range of 1 to 50 mm effec-
tively enhance the sheet resonance-based sound absorbing
power in the above frequency band, thus assuring the favor-
able stillness in the vehicle interior. Even when the thickness
of the dash silencer 1 is reduced, the structure of the embodi-
ment takes advantage of the resonance phenomenon of the
sheets and thereby assures the high sound absorption rate.
Compared with the prior art sound insulator, the structure of
this embodiment significantly reduces the weight of the air-
impermeable resonance layer.

Example 1 and Comparative Example

The graphs of FIGS. 8 and 9 show comparison of the
transmission loss and the sound absorption rate between
Example 1 and Comparative Example. Example 1 and Com-
parative Example had the same structure, except the adhesion
area of the adhesive layer 4 was 90% in Example 1 and was
20% in Comparative Example. The total thickness of the dash
silencer 1 was 22 mm; the respective thicknesses of the sound
absorption layer 2, the air-impermeable resonance layer 3,
and the adhesive layer 4 were 20 mm, 2 mm, and 50 pum. The
air-impermeable resonance layer 3 of the dash silencer 1 was
made of polypropylene foam (PPF: 30-fold expansion) and
had a specific gravity of 0.031 g/cm?>, a thickness of 2 mm and
an area-weight of 62 g/m>. The sound absorption layer 2 was
made of thermoplastic felt (conventional felt of synthetic
polyester fibers and crude cotton) and had a specific gravity of
0.06 g/cm?, a thickness of 20 mm and an area-weight of 1200
g/m>. The adhesive area of the adhesive layer was 90%. The
dash silencer 1 of Example 1 was manufactured by applying
an aqueous EVA adhesive onto the air-impermeable reso-
nance layer 3 of polypropylene foam (the 30-fold expansion
and the thickness of 2 mm) at a density of 50 g/m?, and
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compressing the adhesive-applied air-impermeable reso-
nance layer 3 with the sound absorption layer 2 of thermo-
plastic felt or needle-punched felt under a pressure of 1
kg/cm? for 60 seconds. When the adhesive is not readily dried,
the compression time may be reduced to approximately 30
seconds under application of heat. The adhesion strength is 2
to 8 N/25 mm and the adhesion area is approximately 90% of
the whole interface. The observed peeling state was surface
destruction of the thermoplastic felt of the sound absorption
layer 2. Needle-punched felt has the higher resistance to
surface destruction and gives the adhesion strength of 5 to 10
N/25 mm.

As shown in the graph of FIG. 8, the transmission loss in a
frequency domain of not lower than 400 Hz is higher in
Example 1 having the adhesion area of 90% than in Com-
parative Example having the adhesion area 0£20%. The struc-
ture of Example 1 thus more effectively reduces noise from
the vehicle exterior into the vehicle interior. As mentioned
above, the needle-punched felt has the higher resistance to
surface destruction and gives the adhesion strength of 5 to 10
N/25 mm. Selection of the needle-punched felt for the sound
absorption layer 2 thus further enhances the transmission loss
by 1 to 3 dB in this frequency domain of not lower than 400
Hz, although not specifically shown in the graph.

As shown in the graph of FIG. 9, the sound absorption rate
in Example 1 having the adhesion area of 90% has a slight
decrease in a frequency domain of 630to 1600 Hz, compared
with that of Comparative Example having the adhesive area
of 20%. This slight decrease is ascribed to restriction of the
air-impermeable resonance layer by the adhesive force and
the adhesion area and the resulting vibration isolation and
damping. The sound absorption rate is, however, still not
lower than 0.6 (60%) and is sufficient for absorption of noise
in the vehicle interior. Comparative Example has the higher
sound absorption owing to the air-impermeable resonance
layer. The structure of Example 1 having the adhesive area of
90% has the higher sound absorption rate in frequency bands
other than the domain of 630 to 1600 Hz than the structure of
Comparative Example having the adhesive area of 20%,
owing to the resonance phenomenon of the air-impermeable
resonance layer and the sound absorption layer related to the
adhesive force and the adhesive area. Example 1 thus more
effectively reduces noise in these other frequency bands in the
vehicle interior, compared with Comparative Example. In
addition, in the frequency domain of about 400 to 500 Hz, a
sound absorption rate of 0.7 (70%) is attained due to the
resonance frequency related to both of the air-impermeable
resonance layer and the sound absorption layer. This effec-
tively reduces noise in a medium frequency domain in the
vehicle interior.

Second Embodiment

FIG. 10(a) shows a dash silencer 201 of a second embodi-
ment. The dash silencer 201 of the second embodiment has a
similar structure to that of the dash silencer 1 of the first
embodiment, so the explanation about the first embodiment
can be applied hereto. The primary difference is that a sound
absorption layer 202 of the dash silencer 201 has a high-
density sound absorption layer 2024 and a low-density sound
absorption layer 2025 having different densities. The high-
density and low-density sound absorption layers 2024 and
202p are arranged on the side of the dash panel 10, whereas an
air-impermeable resonance layer 203 is arranged on the side
of the vehicle interior. The low-density sound absorption
layer 2025 is bonded to the dash panel 10.
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One face of the high-density sound absorption layer 202a is
bonded to the air-impermeable resonance layer 203 via an
adhesive layer 204. The high-density sound absorption layer
2024 has a density in a range of 0.05 to 0.20 g/cm® and a
thickness in a range of 2 to 30 mm. The low-density sound
absorption layer 2025 has a density in a range 0£0.01 t0 0.10
g/cm” and a thickness in a range of 2 to 30 mm, and is bonded
to the other face of the high-density sound absorption layer
202a, which is opposite to the air-impermeable resonance
layer 203, via an adhesive layer 202¢. The high-density sound
absorption layer 202q has an initial compression repulsive
force in a range of 30 to 400 N, while the low-density sound
absorption layer 2025 has an initial compression repulsive
force in a range of 0.5 to 200 N. The initial compression
repulsive force of the high-density sound absorption layer
202a is at least 1.2 to 40 times the initial compression repul-
sive force of the low-density sound absorption layer 2025.
The thickness of the high-density sound absorption layer
202a occupies 20to 80% of the thickness of the sound absorp-
tion layer 202. More preferably, the initial compression repul-
sive forces of the high-density sound absorption layer 202a
and the low-density sound absorption layer 2025 are respec-
tively in a range 0f 200 to 300 N and in a range of 50 to 100N,
and the initial compression repulsive force of the high-density
sound absorption layer 202a is atleast 1.5 to 5 times the initial
compression repulsive force of the low-density sound absorp-
tion layer 2025, and the thickness of the high-density sound
absorption layer 202a occupies 40 to 60% of the thickness of
the sound absorption layer 202.

The high-density sound absorption layer 2024 and the low-
density sound absorption layer 2025 of the sound absorption
layer 202 may form a multi-layer structure of two different
materials or may otherwise form a mono-layer structure of an
identical material having a density gradient from a higher
density to a lower density.

The sound absorption layer 202, the air-impermeable reso-
nance layer 203, and the adhesive layer 204 are made of the
same materials as those of the first embodiment.

The graph of FIG. 11 shows frequency-transmission loss
curves with regard to the sound absorption layer 202 of the
varying-density, two-layer structure including the high-den-
sity sound absorption layer 2024 and the low-density sound
absorption layer 20256 and with regard to a sound absorption
layer of a fixed density in the dash silencer 201 of the second
embodiment shown in FIG. 10(a). The varying-density, two-
layer structure of the sound absorption layer 202 including
the high-density sound absorption layer 202a and the low-
density sound absorption layer 2025 significantly enhances
the transmission loss in a medium (640 to 1250 Hz) and
higher frequency domain.

The graph of FIG. 12 shows frequency-sound absorption
rate curves with regard to the sound absorption layer 202 of
the varying-density two-layer structure including the high-
density sound absorption layer 202a and the low-density
sound absorption layer 2025 in the dash silencer 201 of the
second embodiment shown in FIG. 10(¢) and with regard to
the sound absorption layer 2 of a fixed density in the dash
silencer 1 of the first embodiment shown in FIG. 3. The dash
silencer 1 of the first embodiment having the sound absorp-
tion layer 2 of the fixed density has a significantly increase in
sound absorption rate only in the medium frequency domain
of 640 to 1250 Hz. The dash silencer 201 of the second
embodiment having the sound absorption layer 202 of the
different densities, on the other hand, has an increase in sound
absorption rate not only in the medium frequency domain of
64010 1250 Hz butin a wide frequency domain of 315 to 4000
Hz. The dash silencer 201 of the second embodiment having
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the sound absorption layer 202 of the different densities has
the lower sound absorption rate in a frequency domain of 400
to 1600 Hz than the dash silencer 1 of the first embodiment
having the sound absorption layer 2 of the fixed density. The
structure of the second embodiment has apparent peaks cor-
responding to resonance frequencies. This is ascribed to the
rigidity of the air-impermeable resonance layer 203 and the
high-density sound absorption layer 2024 via the adhesive
layer 204. The resonance frequency is shifted to the higher
frequency with an increase in rigidity. In the structure of the
second embodiment, a peak corresponding to a lower reso-
nance frequency also appears in a low frequency domain of
125 to 500 Hz. This is not affected by a variation in rigidity
with the varying density of the sound absorption layer 202,
but is ascribed to the functions according to a spring of the
sound absorption layer 202 and the total mass of the air-
impermeable resonance layer 203 and the sound absorption
layer 202 in the spring-mass vibration system.

The graph of FIG. 13 shows frequency-sound absorption
rate curves in the dash silencer 201 of the second embodiment
shown in FIG. 10(a) having the sound absorption layer 202 of
the varying-density, two-layer structure and the adhesive
layer 204 with regard to varying masses of the air-imperme-
ableresonance layer 203. The graph of FIG. 13 is based on the
data in the absence of the second sound absorption layer 306.
In the graph of FIG. 13, the resonance frequency of the sound
absorption rate appearing as a peak in the higher frequency
domain varies with a variation in mass of the air-impermeable
resonance layer 203. This phenomenon is observed, regard-
less of the presence or the absence of a second sound absorp-
tion layer 306. The graph of FIG. 13 is thus applicable to the
cases where the second sound absorption layer 306 exists as
well as to the cases where the second sound absorption layer
306 does not exist. The resonance frequency in the higher
frequency domain varies according to the mass of the air-
impermeable resonance layer 203. There is a peak at a reso-
nance frequency of 1250 Hz when the mass of the air-imper-
meable resonance layer 203 is 60 g/m>. This corresponds to a
thickness of 2 to 3 mm in the case of the foam and to a
thickness of 20 to 100 pum in the case of the film. The reso-
nance frequency is shifted to 1000 Hz when the mass of the
air-impermeable resonance layer 203 is 300 g/m?, and is
shifted to 315 Hz when the mass of the air-impermeable
resonance layer 203 is 2000 g/m”. The significant increase in
mass of the air-impermeable resonance layer 203 undesirably
shifts the resonance frequency to the lower frequency domain
and causes insufficient sound absorption in a desired fre-
quency domain.

In the ultra-light dash silencer 201 of the second embodi-
ment shown in FIG. 10(a) including the varying-density
sound absorption layer 202 and the air-impermeable reso-
nance layer 203 via the adhesive layer 204, there is a vibra-
tion, due to the air spring of the sound absorption layer 202
and the total mass of the air-impermeable resonance layer 203
and the sound absorption layer 202. There is also another
vibration, due to the spring of the air spring of the sound
absorption layer 202 and the rigidity of the air-impermeable
resonance layer 203, and the mass of the air-impermeable
resonance layer 203. The vibration due to the air spring of the
sound absorption layer 202 and the total mass of the air-
impermeable resonance layer 203 and the sound absorption
layer 202 gives a peak of sound absorption rate in the low
frequency domain of 125 to 500 Hz in the graph of FIG. 15
without the second sound absorption layer 306 (discussed
later). The vibration due to the spring of the air spring of the
sound absorption layer 202 and the rigidity of the air-imper-
meable resonance layer 203, and the mass of the air-imper-



US 9,087,505 B2

19

meable resonance layer 203 gives another peak of sound
absorption rate in a high frequency domain of 1600 to 6400
Hz in the graph of FIG. 15 without the second sound absorp-
tion layer 306. The peak of sound absorption rate in the high
frequency domain is affected by the coincidence effect relat-
ing to the rigidity of the air-impermeable resonance layer 203
bonded to the high-density sound absorption layer 202a via
the adhesive layer 204.

Example 2

The structure of Example 2 was similar to the structure of
Example 1, except the varying-density of the sound absorp-
tion layer. The high-density sound absorption layer 202a was
made of thermoplastic felt (of reused synthetic fibers and PE
fibers with PET used as binding fibers) and had a density of
0.100 g/cm?, a thickness of 10 mm, an area-weight of 1000
g/cm?, and an initial compression repulsive force of 200 N.
The low density sound absorption layer 2025 was made of
cotton fiber felt and had a density of 0.04 g/cm?>, a thickness
of 10 mm, an area-weight of 400 g/m?, and an initial com-
pression repulsive force of 50 N. The adhesive force of the
adhesive layer 204 was 5 N/25 mm. The high-density sound
absorption layer 202 and the low-density sound absorption
layer 20256 may be made of PET felt and joined together by
needle punching.

Third Embodiment

A dash silencer 301 of a third embodiment shown in FIG.
10(b) has a vehicle interior-side adhesive layer 305 and a
second sound absorption layer 306, in addition to the struc-
ture of the dash silencer 201 of the second embodiment shown
in FIG. 10(a). In the dash silencer 301 of the third embodi-
ment, an air-impermeable resonance layer 303 is bonded to
the light-weight second sound absorption layer 306 via the
vehicle interior-side adhesive layer 305 having an arbitrary
thickness, for example, a thickness of 20 to 100 um. The
second sound absorption layer 306 has a density in a range of
0.01 to 0.1 g/cm® or more preferably in a range 0£0.02 to 0.04
g/cm® and a thickness in a range of 1 to 10 mm or more
preferably in a range of 4 to 6 mm.

In the dash silencer 301 of the third embodiment, the sec-
ond sound absorption layer 306 is added to improve the sound
absorption in the high frequency domain in the vehicle inte-
rior. The graphs of FIGS. 14 to 16 shows the effects of the
second sound absorption layer 306 and the adhesive condi-
tions onto the air-impermeable resonance layer 303. The
graph of FIG. 14 shows the effects of the second sound
absorption layer 306 onto transmission loss. The graphs of
FIGS. 15 and 16 show the effects of the second sound absorp-
tion layer 306 onto the sound absorption rate. As shown in the
graph of FIG. 14, the structure (1) without the second sound
absorption layer 306 and the structure (2) with the second
sound absorption layer 306 under the condition of dot adhe-
sion at a pitch of 100 mm have the better settings of transmis-
sion loss than the structure (3) with the second sound absorp-
tion layer 306 under the condition of adhesion at 10 N/25 mm.
The structure (1) has a little higher transmission loss than the
structure (2). The graph of FIG. 15 shows the sound absorp-
tion rate of the structure without the second sound absorption
layer 306. The air-impermeable resonance layer 303 vibrates
sympathetically under the condition of a less restriction.
Peaks of sound absorption rate corresponding to resonance
frequencies appear in the high frequency domain of 1600 to
6400 Hz and the low frequency domain of 125 to 500 Hz.
Restriction of the air-impermeable resonance layer 303 with
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a material of no sound absorbing power lowers the sound
absorption rate in the high frequency domain of 1600 to 6400
Hz as shown by an open arrow. The second sound absorption
layer 306 formed on the air-impermeable resonance layer 303
restricts the air-impermeable resonance layer 303 which is the
surface layer. As shown in the graph of FIG. 16, while the
presence of the second sound absorption layer 306 lowers the
peak of sound absorption rate in the high frequency domain,
the additional sound absorbing power of the second sound
absorption layer 306 effectively heightens the resulting sound
absorption rate in a medium (640to 1250 Hz) to high (1600 to
6400 Hz) frequency domain, compared with the structure
under restriction of the air-impermeable resonance layer 303
with a material of no sound absorbing power.

Inthe ultra-light dash silencer 301 of the third embodiment
shown in FI1G. 10(5) including the vehicle interior-side adhe-
sive layer 305 and the second sound absorption layer 306,
there is a vibration, due to the air spring of a first sound
absorption layer 302 and the total mass of the second sound
absorption layer 306, the air-impermeable resonance layer
303, and the first sound absorption layer 302. This gives a
peak of sound absorption rate in the low frequency domain of
125 to 500 Hz in the graph of FIG. 16 with the second sound
absorption layer 306. There is also another vibration, due to
the air spring of the first sound absorption layer 302 and the
mass of the second sound absorption layer 306 and the air-
impermeable resonance layer 303. This gives another peak of
sound absorption rate in the high frequency domain of 1600 to
6400 Hz in the graph of FIG. 16 with the second sound
absorption layer 306 restricting the air-impermeable reso-
nance layer 303. This model is also affected by the coinci-
dence effects.

The varying density of the sound absorption layer 302
affects the coincidence effects of a high-density sound
absorption layer 3024 and thus affects a peak of sound
absorption rate in the high frequency domain.

Example 3

The structure of Example 3 had the second sound absorp-
tion layer 306 bonded to the air-impermeable resonance layer
303 by dot adhesion at a pitch of 100 mm, in addition to the
structure of Example 2. The second sound absorption layer
306 was made of thermoplastic felt (of reused synthetic fibers
and PE fibers with PET used as binding fibers) and had a
density 0of0.04 g/cm?, a thickness of 5 mm, an area-weight of
200 g/cm?, and an initial compression repulsive force of 50 N.

Fourth Embodiment

A dash silencer 401 of a fourth embodiment is discussed
below with reference to FIG. 17. The dash silencer 401 of the
fourth embodiment has a mono-layer first sound absorption
layer 402 of a fixed density (or a multi-layer first sound
absorption layer of a fixed density), in place of the first sound
absorption layer 302 in the dash silencer 301 of the third
embodiment, and otherwise has the similar structure to that of
the dash silencer 301 of the third embodiment. Parts in the
force embodiment were numbered, adding 400 to the number
of'the corresponding part in the third embodiment. The simi-
lar constituents are not specifically described here. In the dash
silencer 401 of the fourth embodiment shown in FIG. 17, the
vehicle interior, a second sound absorption layer 406, an
adhesive layer 405, an air-impermeable resonance layer 403,
another adhesive layer 404, the first sound absorption layer
402, and the vehicle exterior (for example, an engine room)
are arranged in this order. The first sound absorption layer 402
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is fixed to the dash panel 10 as the vehicle body, and the
second sound absorption layer 406 faces to the vehicle inte-
rior. A modified structure of the dash silencer 401 without the
adhesive layer 404 gives a spring-mass single vibration model
including the air-impermeable resonance layer 403 as the
mass and the first sound absorption layer 402 as the spring.
Namely the simple membrane resonance of the air-imperme-
able resonance layer 403 arises in the medium frequency
domain of 640 to 1250 Hz. In the structure of the dash silencer
401 with the adhesive layer 404, on the other hand, resonance
arises in the low frequency domain of 125 to 500 Hz, simul-
taneously with the membrane resonance of the air-imperme-
able resonance layer 403 in the medium frequency domain of
640 to 1250 Hz. This shows a spring-mass vibration system
including the spring of the first sound absorption layer 402
and the mass of the air-impermeable resonance layer 403 and
the first sound absorption layer 402.

The graph of FIG. 18 shows the effects of the adhesive
layer 404 on the transmission loss. As clearly shown in the
graph of FIG. 18, the presence of the adhesive layer 404
effectively enhances the transmission loss in the low fre-
quency domain of 125 to 500 Hz. FIG. 19 shows the effects of
the adhesive layer 404 on the sound absorption rate. As shown
in the graph of FIG. 19, the structure without the adhesive
layer 404 gives an extreme increase in sound absorption rate
only in the medium frequency domain of 640 to 1250 Hz. The
structure with the adhesive layer 404, on the other hand, gives
an increase in sound absorption rate in a wide frequency
domain including the low frequency domain of 125 to 500 Hz
and the high frequency domain of 1600 to 6400 Hz, as well as
the medium frequency domain of 640 to 1250 Hz. The prin-
ciple is that, in the structure without the adhesive layer 404,
the air-impermeable resonance layer 403 alone causes reso-
nance in the medium frequency domain of 640 to 1250 Hz. In
the structure with the adhesive layer 404, on the other hand,
resonance arises in the low frequency domain of 125 to 500
Hz, simultaneously with the resonance in the medium fre-
quency domain of 640 to 1250 Hz.

Example 4

The structure of Example 4 had the mono-layer first sound
absorption layer 402, in place of the multi-layer first sound
absorption layer 302 of Example 3. The first sound absorption
layer 402 was made of thermoplastic felt (of reused synthetic
fibers and PE fibers with PET used as binding fibers) and had
a density of 0.04 g/cm?, a thickness of 5 mm, an area-weight
of 200 g/m?, and an initial compression repulsive force of 50
N.

Fifth Embodiment

A floor silencer 501 of a fifth embodiment shown in FIG.
20 is fixed to an iron floor panel 510, which parts the vehicle
interior from the vehicle exterior, and is arranged along the
inner wall of the vehicle interior. The floor silencer 501 is
designed to be ultra light in weight for the enhanced fuel
efficiency and the easy attachment but to still have sufficient
sound absorption properties. In the floor silencer 501 of the
fifth embodiment, the vehicle interior, a surface/backing layer
507, a multi-layer second sound absorption layer 506, an
air-impermeable resonance layer 503, an adhesive layer 504,
a sound absorption layer 502, a floor panel 510 as the vehicle
body, and the vehicle exterior are arranged in this order. The
sound absorption layer 502 is bonded to the floor panel 510,
and the air-impermeable resonance layer 503 is located on the
side of the vehicle interior.
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The floor silencer 501 of the fifth embodiment has partly
identical physical properties with those of the dash silencer
401 of the fourth embodiment. Only different physical prop-
erties are given here. The sound absorption layer 502 has a
thickness in a range of 5 to 100 mm. The air-impermeable
resonance layer 503 has an area-weight of not greater than
600 g/m” or more preferably of not greater than 300 g/m>. The
air-impermeable resonance layer 503 has a thickness in a
range of 10 to 600 nm or more preferably in a range of 20 to
300 nm in the case of film. The second sound absorption layer
506 has a density in a range of 0.01 to 0.2 g/m® or more
preferably in a range of 0.05 to 0.15 g/cm?.

The surface/backing layer 507 is made of a surface material
and a backing material, for example, polyethylene, EVA (eth-
ylene vinyl acetate copolymer), or SBR (styrene-butadiene
copolymer rubber). The second sound absorption layer 506
may have either a mono-layer structure or a multi-layer struc-
ture. In the illustrated structure of FIG. 20, the second sound
absorption layer 506 has a two-layer structure including an
upper layer 506a and a lower layer 5064.

The top face of the upper layer 5064 is bonded to the
surface/backing layer 507 via the adhesive layer 508. The
bottom face of the upper layer 506a is bonded to or simply
laid on the lower layer 5065. The lower layer 5064 is made of
hard sheet produced by compression of felt. The bottom face
of the lower layer 5065 is bonded to the air-impermeable
resonance layer 503. The upper layer 5064 is made of a sound
absorbing material to enhance the sound absorption in the
high frequency domain, while utilizing the elastic resonance
of'the lower layer 50654 to enhance the sound absorption in the
high frequency domain. The lower layer 5065 and the sound
absorption layer 502 utilize the rigid resonance and the elastic
resonance of the lower layer 5065 to enhance the sound
absorption respectively in the medium frequency domain and
in the high frequency domain. The lower layer 5065 and the
air-impermeable resonance layer 503 utilize the mass of the
lower layer 5065 to enhance the sound insulation.

Example 5-1

In the structure of Example 5-1 shown in FIG. 20, the

surface/backing layer 507 had an area-weight of 350 g/m?,
the upper layer 506a was made of felt and had a thickness of
5to 15 mm, and the lower layer 5065 was made of hard sheet
and had a thickness of 2 to 5 mm. The air-impermeable
resonance film layer 503 had the thickness of 300 um. The
adhesive layer 504 was made of an olefin adhesive material.
The sound absorption layer 502 was made of felt of blend of
thermoplastic polyester, acryl, and cotton fibers or others and
had a thickness of 10 mm. The structure of Example 57! also
had an augmentation 509, for example, PP or PE bead foam or
RSPP compression molded object of 5 to 50 mm in thickness.
The filmed hard sheet layer 5065 has an area-weight of 350
g/m>.
FIG. 21(a) shows the structure of a floor silencer 501a of
Comparative Example 1. The floor silencer 501a of Compara-
tive Example 1 has a surface/PE backing layer 5074, a hard
sheet layer 506e¢, a felt layer 503/, and an augmentation layer
509a. The surface/PE backing layer 5074, the hard sheet layer
506¢, and the felt layer 503/ are often bonded in advance to be
integrated. The augmentation layer 509¢ may be separate
from the other layers for the convenience of assembly of the
vehicle. This structure of Comparative Example 1 hardly has
sound absorption effects in the vehicle interior, while the
surface/PE backing layer 5074 has some sound insulation
effects to insulate noise incoming from the vehicle exterior.
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FIG. 21(b) shows the structure of a floor silencer 5015 of
Comparative Example 2 according to the structure of FIG. 28.
The floor silencer 5015 of Comparative Example 2 has a
surface/PE backing layer 507g, a hard sheet layer 506/, a felt
layer 503/, and an augmentation layer 5095. This structure
regulates the air permeation through the hard sheet layer
5064#, thereby ensuring sound insulation of noise incoming
from the vehicle exterior, as well as sound absorption in the
vehicle interior. The air permeation, however, reduces the
sound insulation effects. FIG. 21(c) shows the structure of a
floor silencer 501' as Example of the fifth embodiment. The
floor silencer 501' as Example of the fifth embodiment has a
surface/backing layer 507, a hard sheet layer 506', an air-
impermeable resonance film layer 503', an adhesive layer
504', a felt layer 502', and an augmentation layer 509'. The
hard sheet layer 506' and the air-impermeable resonance film
layer 503' are almost wholly bonded to each other. This struc-
ture also ensures sound insulation of noise incoming from the
vehicle exterior, as well as sound absorption in the vehicle
interior. The structure of the fifth embodiment additionally
utilizes the elastic resonance and the rigid resonance to attain
the better sound absorption rate and the higher sound insula-
tion power of the air-impermeable resonance film layer 503'.

As shown in FIG. 22(a), the transmission loss of Example
of the fifth embodiment is improved, compared with Com-
parative Examples 1 and 2, especially Comparative Example
2. As shown in FIG. 22(b) the sound absorption rate of
Example of'the fifth embodiment is also improved, compared
with Comparative Examples 1 and 2, especially Comparative
Example 1. This effect is ascribed to the presence of the film
layer 503.

In one modification of the fitth embodiment, the upper
layer 506a may be a perforated air-impermeable film, which
has a thickness 0of 30 to 400 pm or more preferably of 200 pm
and is made of an olefin like PE or PP, with the lower layer
5065 being made of felt, instead of the hard sheet. The upper
layer 5064 and the lower layer 5064 are joined with each other
by needle punching. FIGS. 23(a) and 23(5) show the effects
of the perforated air-impermeable film. The presence of the
perforated air-impermeable film enhances both the transmis-
sion loss and the second absorption rate. The value of trans-
mission loss of FIG. 23(a) was decided assuming the trans-
mission loss of a 0.8 mm iron plate to be 0 dB.

Example 5-2

In the structure of Example 5-2, the surface/backing layer
507 had an area-weight of 350 g/m?, the upper layer 506a was
made of an air-impermeable film and had a thickness of 200
um, the hard sheet layer 506 was a compression molded
object of thermoplastic felt and had a thickness of' 5 mm, and
the film layer 503 was made of PE film and had a thickness of
300 pm. The adhesive layer 504 was made of an olefin adhe-
sive, the felt layer 502 was made of thermoplastic felt of
mainly polyester fibers and had a thickness of 10 mm, and the
augmentation layer 509 was made of PP bead foam and had a
thickness of 5 to 40 mm. The filmed hard sheet layer 506 had
an area-weight of 350 g/m>.

Sixth Embodiment

FIG. 24 shows a floor silencer 601 of a sixth embodiment.
The structure of the floor silencer 601 of the sixth embodi-
ment is similar to that of the floor silencer 501 of the fifth
embodiment discussed above, except that a sound absorption
layer 602 includes a high-density sound absorption layer
602a and a low-density sound absorption layer 6026. The
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high-density sound absorption layer 602a and the low-den-
sity sound absorption layer 6025 have partly identical physi-
cal properties with those of the high-density sound absorption
layer 302a and the low-density sound absorption layer 3025
of the dash silencer 301 of the third embodiment shown in
FIG. 10(5). Only different physical properties are given here.
The high-density sound absorption layer 6024 has a thickness
in a range of 2 to 70 mm and an initial compression repulsive
force in a range of 30 to 600 N or more preferably in a range
of'50 to 300 N. The low-density sound absorption layer 6025
has a thickness in a range of 2 to 70 mm and an initial
compression repulsive force in a range of 5 to 300 N or more
preferably in a range of 10 to 100N.

Example 6

The structure of Example 6 had the high-density sound
absorption layer 602a and the low-density sound absorption
layer 60254, in place of the sound absorption layer 502 of
Example 5-1. The high-density sound absorption layer 602a
was made of thermoplastic felt (of reused synthetic fibers and
PE fibers with PET used as binding fibers) and had a density
0f0.100 g/cm?, a thickness of 10 mm, an area-weight of 1000
g/m?, and an initial compression repulsive force of 300 N. The
low density sound absorption layer 6025 was made of cotton
fiber felt and had a density of 0.04 g/cm?, a thickness of 10
mm, an area-weight of 400 g/m?, and an initial compression
repulsive force of 100 N. The adhesive force of the adhesive
layer 604 was 5 N/25 mm. The high-density sound absorption
layer 602a and the low-density sound absorption layer 6025
may be made of PET felt and joined together by needle
punching.

The air permeability is measured with a Frazil-type air
permeability tester in conformity with JIS [L1018 8.3.3.1
concerning air permeability ofknitted fabrics or an equivalent
air permeability tester having extremely high correlativity.

Measurement of the transmission loss follows JIS A 1409.
But the size of each sample was 1 m?, instead of 10 m*. FIG.
25 is a plan view showing a measurement chamber of the
transmission loss, where a speaker 20 and microphones 31
through 36 are set in the measurement chamber and each
sample, such as the dash silencer 1, is located on the wall of
the measurement chamber.

Measurement of the sound absorption rate follows JIS A
1416 (sound absorption in a reverberation chamber). But the
size of each sample was 1 m?, instead of 10 m?. FIG. 26 isa
plan view showing a measurement chamber of the sound
absorption rate, where a speaker 40 and microphones 51
through 53 are set in the measurement chamber and each
sample, such as the dash silencer 1, is located on the floor of
the measurement chamber.

The embodiments and their examples discussed above are
to be considered in all aspects as illustrative and not restric-
tive. There may be many modifications, changes, and alter-
ations without departing from the scope or spirit of the main
characteristics of the present invention. All changes within
the meaning and range of equivalency of the claims are there-
fore intended to be embraced therein.

The scope and spirit of the present invention are indicated
by the appended claims, rather than by the foregoing descrip-
tion.

What is claimed is:

1. An ultra-light sound insulator, comprising:

a sound absorption layer that is light in weight and has a
thickness in a range of 1 to 50 mm, the thickness varying
from one region to another in a range not greater than 50
mm, and a density in a range of 0.01 to 0.2 g/cm?; and
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an air-impermeable resonance layer in the form of a foam
that is bonded to said sound absorption layer via an
adhesive layer and has an area-weight of not greater than
200 g/m?® and a thickness in a range of 1 to 7 mm,
wherein an adhesion strength of said adhesive layer against
said sound absorption layer and said air-impermeable
resonance layer is set in a range of 1 to 20 N/25 mm
under conditions of a peel angle of 180 degrees and a
peel width of 25 mm,
an adhesion area of said adhesive layer is 50 to 100% of a
whole interface between said sound absorption layer and
said air-impermeable resonance layer so that resonance
due to a total mass of said air-impermeable resonance
layer and said sound absorption layer occurs in addition
to membrane resonance of said air-impermeable reso-
nance layer, and
said sound absorption layer is adapted to face to a vehicle
body panel, while said air-impermeable resonance layer
is adapted to face to a vehicle interior.
2. An ultra-light sound insulator in accordance with claim
1, wherein said sound absorption layer has an initial compres-
sion repulsive force in a range of 2 to 200 N.
3. An ultra-light sound insulator in accordance with claim
1, wherein said sound absorption layer has a density in arange
0f 0.03 to 0.08 g/cm?.
4. An ultra-light sound insulator in accordance with claim
1, wherein said adhesion strength of said adhesive layer
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against said sound absorption layer and said air-impermeable
resonance layer is set in a range of 3 to 10 N/25 mm under
conditions of a peel angle of 180 degrees and a peel width of
25 mm.

5. An ultra-light sound insulator in accordance with claim
1, wherein said adhesion area of said adhesive layer is 80 to
100% of a whole interface between said sound absorption
layer and said air-impermeable resonance layer.

6. An ultra-light sound insulator in accordance with claim
1, wherein said sound absorption layer has a density in arange
0f 0.03 to 0.08 g/cm?>, said air-impermeable resonance layer
has an area-weight of not greater than 200 g/m?, said adhesion
strength of said adhesive layer against said sound absorption
layer and said air-impermeable resonance layer is set in a
range of 3 to 10 N/25 mm under conditions of a peel angle of
180 degrees and a peel width of 25 mm and said adhesion area
of said adhesive layer is 80 to 100% of a whole interface
between said sound absorption layer and said air-imperme-
able resonance layer.

7. An ultra-light sound insulator in accordance with claim
5, wherein said sound absorption layer has an initial compres-
sion repulsive force in a range of 20 to 100N.

8. An ultra-light sound insulator in accordance with claim
1, wherein the thickness of said sound absorption layer is in a
range of 5-40 mm.



